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<g) An optical fiber link^aard communication module, 
and process for febficaling the module, where the 
module provides a parallel electrical interface to the 
ijfiBr. facHrtates high speed serial transmrssion of 
data over an optical data link, and contems a plural- 
ity of oonvertsre (130.131) ^ performinQ oonver- 
«Sons between both electrical and optics! signals, 
T)»e modifle further inclwdBe edge mounted optical 
components having leads mounted on the surface of 
a card (as opposed to standaid pln-in4vote type 
leads) Id minimize lead capadtance and Inductance 
from *e optical components to the card ©lactromcs, 
on board fard control means for the converters mid 
safety ahut down means on the ^^^^^ 
electrical and opdcal components. A preferr^ em- 
boctoent of the invenlion contemplates fabnoatmg 
W optical communication modulB on a sin&le mul- 
Ulayer card with all the transmitter eiectrt^ compcK 
nents being tocated on one ade of the -cana. aii 



receiver electrical components being tocated -on the 
other side of the card, and the transmitter end re- 
ceiver components Wng separated by shielding lay- 
ers In *e card. By using two transmitter/receiver 
pairs (with the transmitters and reo«vors being lo- 
cated on respective sides of the tjaid) an embodh 
ment of the invention provides for doiAte full duplex 
communlcadone. 
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OPTICAL FIBS) UNK CARD 



The invention tobies generaJly to methods and 
apparatus for oonveriing electrical tignals to and 
from optical signals. Mom particuterly, ihe invention 
relates to an optical tiber link card vifhich sstves aa 
part of a communication module (not necessarily 
an enclosed or encapsulated device) for converting 
between parallel etecUlc&I s!gnai8 find senaf optical 
signals, and to a process for fabricating the mod- 
ule. 

Many types of electro-optical convertere and 
connectors are described in issued patents and the 
technical literature. Commep^ly available devices 
are al50 presently available for peffomiing these 
funcUona. 

Beamptes of pafertts which describe electro- 
optical converters and connectors include U.S^ 
No. 4.545.077, to Drapala et al, which teaches an 
electrical multiplex data bue operaDvely connected 
to an optical muKipIeK data bus by meane of an 
eledio-optical converten and U.SA No. 4.597.631, 
to fiores et al, which teaches a passive- electro- 
optical connector. 

The Drapala et al invenfion is an example of a 
aerial electrical to aerial optical oxinvener. Drapata 
at al operates as a tri-state repeater to effectively 
extend a three stale data bus- The Roree invention 
la one of many connector devices that, although 
not dealing with electro-optical oonveraon per so. 
provides user access to trartsmitler/reoBivef assem* 
bliee via connectorized parts. The Flores dewce is 
an example of means for interconnecting both op- 
tical and electrical components in a hybrid system. 
Commercially available connectorized electro- 
opfical converters tor pecfonning serial epical to 
aerial electrical (and vtee versa) conversion, are 
available from Siemens and other companies. 
These devices, whic* are compatihio with f=DDI 
starKJards, IBM equipment etc. are cep^rfe of 
acJ^ieving approximately 200 Mbits/sec data raites. 

Another example of a commerdany avail^le 
serial to serial converter Is the AT&T ODL-2D0. 
This device is also capable of achieving approxi- 
mateiy 200 MWts/sec. data rates. The AT&T ODL- 
200 ia desctfted m an arflcle entitled n'ransmitfcer 
and Receiver Integrated Circuits for a 200 
Mbrtsfeec Optical Da& UnK**, pubfi^ied in tt^e pro- 
ceedings of the lES 1988 Custom Integrated Cir- 
cults ConrBrence. 

The sfarementioned commercialV available de- 
vices utifize a single optica! transmitier coupled 
through a fiber to a single receiver. Bo»i the Sie- 
mens and ATSlT devices allow full duplex commu- 
nication vrith serial input/output The receivers and 
transmitters used are hytirW ceramic stiJ^tes m 
dual inline packages, these packages aie either 



hermetically sealed or plastic encapsutated. 

Transceiver packages are also commercially 
avallabie. For example. MitsuUshI Sectric has 
madd available transceiver packages having line bit 
5 rates of approximately 170 Mbfts/sec, using a laser 
dJcde driver and optica! receiver which era In- 
tegrated onto a single side of a -card. Similar to th 
afbnementioned Slemans and AT&T 
tosnsmltter/receh/er modides« the Mitsubishi tran- 
10 scsWers process input and output serially. 

By piecing the laser iransmctter and receh^er on 
Iha same side of a card, the Mitsubishi device ' 
requires means for electricafly Isolaiing these -com- 
ponents. Typically metal shielding Is used, Provid- 
75 ing this isolation has heretofore nmited the ability to 
manufactuie a compact card onto v^Wch a plurafity 
Of transmitter and receivBr p^s could be mounted. 

The demand for improved electro-opScal -con- 
verters and connectors Is rapidly Increasir^ as 
so fiber opte technologies are adapted to provide 
sohjtione to perforniance and packaging problems 
associated wHh present day i;amputer interconnect 
applications, t^ie particularly, l^O pin BmHatiOfts 
caused by use of wide parallel data busses* perfor- 
as mance limitations on the length of electrical ijus- 
ses, and elecJromagnBtic interference problems* 
suggest that serial optical communications b used 
to convoy data at high speed betwewi the parallel 
electrical busses to v/hich computer components 
30 are often interconnected. The high date rwes re- 
quired to service wide pai^lel date bUSseSr the 
pacl<agfng ftexMity of csonnectGrized optical 
transmitter/peceiver assemblies, and *e riecessity 
tor user access to these connectorized ports» has 
35 led tfl the design of small featuie-oards to intefoon- 
nect computer elements* 

One such card is included in the commercially 
available PCO-2001 Series ParalW Lightwave Inter- 
^e Module. This modulo perfomis parallel etec- • 
40 ftical signal to serial optJeal converaon <and vice 
versa) and *ealures serial ^al rates of up to 
approximately 100 Mbits/sea A longwave LED is 
used for an optical sounse. Spedall^d transnA!^ 
and recover ICs are incorporated crito one -side of 
4S a card and provide ful! duplex operaclioa 

The PCO-2D01 cam aflows next level applicss- 
tions packages to Interface with a high speed serial 
fiber optxc Unk without adding to the design com- 
ple»ty of the next level packaging or perfom^aix^ 
50 wpiiremenls. However, the PCC«001 card is 
problemadc because of the eledrlcd signal power 
needed 1or a IS) source to drive date in the 5G0 
Mbits/sec. range (twkjfi that of the published date 
rete for the PCO2001 device); ihe size of the 
PCO-2D01 card^attrSbuteWeinparttoprwdh^gtfiB 
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isolation required for the trsrtsrrftier and receiver 
eompanents mounted on the same side of the 
card); end Ihe inability to us© a single, compact 
card to provide et least double full duplex opera- 
tion. 

Accordingly, it would be desirable If en optical 
fiber link card could be provided that supports a 
parallel user interfaco, such as a parallel data bus: 
performs pamllel to serial conversion (and vice 
versa) for servldns a high speed serial opticfil Cnk, 
where the optiosi transmrtter on the card Is capable 
of driving data in excess ot 200 Mblts/sec without 
requiring the eleclrical signal power needed for an 
LED source; and can support st feast double lull 
duplex connaciions in less space then is presently 
required to support single full duplex connections. 

Furthermore, ft would he desirable If the ar- 
rangement of the transmitter and receiver devices 
on such a card, together virith the card itself, pro- 
vided meens to isolate transmitter and receiver 
electrical- components without requiring excessn/e 
shielding or the amount of device separation re- 
-quired by the prior art 

Still .further, ft would be desirable if advantage 
could bs taken of both Sides of an optical data link 
card to incneese the surface onto which compo- 
nents could be mounted to reduce card size. Fui^ 
ther yet, 'rt would be desirable to mount 1he optical 
components (and leads to these componems) on 
the card in such a way as 1o tacilltsteeasy access 
by a user and minimise lead capacitance and in- 
duelancfi to thereby furmer improve «rd perfor- . 
mance* 

To achieve the desired communication module 
many arthltecture. electrical and packaging prob- 
lems need to be solved. For escampfe, laser trans- 
mitters would be capable of achieving the desired 
dala fates wfthout requiring the electrical signal 
power required by LEDs: however, laser based 
systems must meat stringent safety requirements. 

From a safety point of view, it would be desir- 
able If a laser based optical fiber link card cooW be 
developed that Is "fell safe^ i.e., is certifiably safe 
at nthst than a total system level (wheie the sys- 
tem usually includes both hardware and software). 
The ability to produce a self-contained 
transmitter/receiver funcdon In a certifiable pack- 
age, completely Independent of user system inter- 
face hardware and software, would ease restrictions 
on system level usage of e laser based cart. 

Many countries require cerHficaiion of the 
-product" wWi respscl to laser light emissions. 
Prior art laser based optical nnk subassemblies 
hsve a dependency on the "box' they are in to 
maintain compliance. If all the laser safety circuitry 
were on board the optical fiber link card, then the 
card would become the '•product** that needs to be 
certified; not all itie diffeient models of boxes that It 



r« used in. This would -slmpnfy the safety certmca- 
tion process for the user. More particularly , it wouid 
be desirable if an optical -fiber Erik card couW be 
devised that maintains known woridwide standends 
5 far class 1 operation under a single component 
talure- 

in addition to all of the above. 1t would be 
desirable If an optical liber i'mk card communication 
module containing ttie features described herein- 
70 before also (1) provides a byte sync signal to the 
user, since many optica! link subassembliee deliver 
fragmented parallel data; {Z) provides a fault fine to 
the user to aid in determining which end of an 
optJcal nnk suffers a fail ure; <3) provides an elec- 
ts tricai wrap capability for dteg fiostic purposes: {4) 
requires only a single +5 volt supply which would 
make the card compattole with single voltage logic 
famines; (5) m.eimains good thermal isolation be- 
tween the electmnics and the laser. (6) provides a 
20 package adaptabte to multiple next level pack- 
aging; (f) uses standard surface mount assembly 
techniques instead of the expensive ceramic hybrid 
hermetic packaged subassem bliea (particularly for 
the optical drivers and peckers) used by the prior 
SB art to arfiieve high data rates; and (8) is compact. 
re*» small in size and height -compared to known 
systems* 

It is an object of the invention to pn^vide a high 
speed optical fiber link card communlc«jon module 
so that is capaWe of transmitting Jtor receiwng) ap- 
proximately 200 Mbits/sec. data serially over fiber 
optic media and whfch provides a parallel electrical 
interfece to the user. 

K is a further object of the invarrtion to contain 
5S fte high frequency signals coming off of (or ^irvg 
onto) the serial OnK and seriaTrzer/aeseriaiirer func- 
tions, to the link card itself. 

It is stni a further object of the Invention to 
provide an optkal fiber Hnk -card communicatJnns 
4o module that ^ssn provide at least a double full 
duplex, where the card is compact and maintains a 
small form factor <for high density packaging) as 
compared with prior art devices, while malntaning 
a low height profile to the next level package to 
4 whioh It attaches. 

FHirther stin. it Is an object of the invention to 
provide an optical fiber Dnk -card -communication 
module that ufiBzss laser transmitters and provides 
self contained laser safety features so as to be 
so certifiably safe, independent <jf user interface hard- 
ware or software, ^ - ^ 
In particular, It te an object cf the invention to 
provide safe, dass 1, laser operating condittons 
under sngle fault -cono'rtionfi. and to provide means 
5S which facilitate *b defection of laser ^lures and 
provide an indication of such faHures to the user Id 
« in fault dlagnosis- 

Omer objects of *e invendon Include provUling 
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9 module lhat oulputa a byte synchronization agnal 
to the user and noirfragmented parallel data; and 
prcMdmg a module that mainteiiis good thoi™i 
teotefion between Hie etectronlcs and optical tJe- 
vices (In pariicular lasers) utilized. 

According » the Invention, a double sfctod su^ 
fece mount optical fiber tink csrd is used as part Of 
s communScation modulo that provides a pai^lel 
elecblcal interfaM to the user and 
franamilS^receivBS high speed serial data over en 
optical data Bnlc. The card includes means for inter- 
facing wHh at least one n-bit vw'de parallel electrics! 
data bus; rrwans for interfadng witJi at least one 
high speed optical date nnk: and a Piu^aCty o^ 
convBrtere for performing converafen betvi/een boft 
electrical and optical signals. At least one ot these 
converters incluctes serializer means for serializing 
paranal data input for transmission, end modulating 
tne serian^ed transmH data onto a semlconductaf 
laser mounted on tiie card. At least one olhsr 
converter indudee an optical receiver (e^., a PIN 
photDdiode). amplHter and deserializer means, for 
reapactWBly receiving, amplifying and lecovenng 
clock to drive n-Wt wide receive data oitto a 

parallel bus. , 

AECor4Sng to one embodlmem of the invention 
the optical -components era edge mounted and 
have their leads mounted on the surface of the 
gard (as opposed to standard pin-ln-hol© trpe 
leeds) to minimize lead capacitance and Induc- 
tence. AddWonaliy. control means for the convert- 
ers, and safety shut down means, are located on 
the same card as the electrical and optteai compo- 
nents. , _^ 

A preferred embodiment of the Invenbon con- 
ternplates inclucfmg in the optical communication 
module a single multilayer card wim all tfie trans- 
mittar eiecblcai components being located on one 
Side of the card. aU receiver electrical componente 
being located on the other side ot the card, with 
ihe transmmer and receiver componems being 
electrically isolated from each other and separated 
by shieidtng layers in the card. By using at teast 
two transmitter/receiver pairs (with the JWsm^re 
and receivers being locatBd on r^spednre wles 
ttie card) the Invention can provide for at least 
double fun duplex communications. 

A pmceas tor febricsfing tti© desired module is 
also descsrlbad hereinafter. The process specities 

various componGnte of Ihe ™«'"'«J^J'"J 
tainer means, oplicai recsptedes, etc.) tt achfflve 
iho objectives of the invention. 

invention features the aforemenfioned dou- 
ble sided card design C^e.. wHh tran^itter^) on 
oneX ^ the receiverls) on the other side erf 
ie and teatuita the use of inlemai gwund 



and power planes <looated within the caid ItseH) to 
maintain electrical isolation between *e.two sdes 
o1 the card. The Invention also features integrsaon 
of the serlalizer with tho laser driver to conlribute to 

5 reducing the size of the card. 

Further features of the invention, according to a 
preferred embodiment Indude en electrical wrap 
capability for diagnostic purposes, the requirement 
at only a single +5 volt power supply, and sur^ 
TO edge mounting of the oplkal components and their 



these and other obiedB and features of tne 
present invention, and the manner of obtaining 
them. Will become apparent to those sWlled in the 
7S art. and the invention itself wHl be best understood 
by reference to the following detailed description 
read h «)njunctIon with the accompanying Oraw- 

^"^ Ra 1 depicts an exploded view of the optical 
20 link card communication modulo (both card end 
retainer) contemplated by the invention. 

RG. 2 depicts an enlarged view of an «dge 
mounted optical assembly with leads brought In 
close to the plane of the drcuil ^d in accordance 
25 with e pretend embotfiment of the invention. 

FK5. 3 depicts an enlarged view of a sultafcile 
standoff spacer for controlling car<HD-card spacing 
for the modules fabricated in accordance with the 
teachings of the invention, together wRh a J clip 
50 lending from the spacer whichoperates as a 
flexible retention mechanism for affixing the novel 
modules to nasrt level assembHes- 

f^lQ. 4 is a function^ block diagram of th© 
invention, depicting the interconnection of vanous 
35 eisctrical and opticel components on the card ana 
how these components cooperate with ^ine another. 

RG. 5 depicts an example of a power and 
gitnmd plane structure ibr a double sided card th^ 
Is fabrlcstBd In accordance wRh the teachrngs of 
40 the inventian. _is^i 
■PQ. 6 depfcts a prefened layout^ *® 
link card contemplated by the invention. 

Fia 1 depicts an exploded view of th^o^ 
fink card commuricalion module contemplated by 
45 the invention. . 

In partiailar. i depicts adouble^^ 
surf&cs mount card, 101. that mounts to a 4«ers 
system card. Data is transterred id and from the 
^ cans c« n-btt wida parallel cj^tabu^ 
50 For the sake Of Wusiralfon only, lha 

pictS^n 1^.1 is designed to aervfce 10^^^^ 
oUllJ.1 data busses, i^- o la eet equa^ to 10- 
S sS^^ m m art will i^»»V «PP«^„2f. 
Z components depicted in ^^.^l^^^ 
^ fied ID eccammodas» larger or smaller paraBel-tw 



'The depicted card includes ^^^^^^^ 
mo With 1h parallel ^fe^PU«»ee(cDnnedors 102 
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and 103); means for Interfadng wHh serial fiber 
optc transmission media (optical assembUes 104- 
107. fuHher including receptacles 110 and 111 for 
lasers 120 and 121 respedivel!/ locateti ivHhin the 
(eceptedes: and receptacles 112 and 113 for 
photodet^ctor diodes 122 and 123 respectively lo- 
cated wtthin ihe receptacles): and a pluraffly of 
convertfifs for performing conversion between both 
electrical and optical signals. 

For the sake of iPustrafion only, raceptades 
110-113 are shown !n BG. 1 as an FC type optical 
fiber connector. Those skilled in the art will readily 
appreciatethat the components depleted in RG. 1 
could Include other types of fiber oonnectors. 

These conxreriers are described in detsH 
hereinafter witti reference to FiG. 4. However, with 
reference to FIQ. 1, portions of two converters of a 
first type (for converting from electrical to opticai 
signals) can be seen mounted on top ofdrcurt card 
101. In particular. seriaRzer means 130 and 131. 
are modules which take paraBel electrical data in- 
put (via connectore 102 and 103 respectively), for 
transmission, and convert the pErallel electrical 
data to serial electrical data. Serlaltzer means 13D 
and 131 then use the fierfafesd data to drive lasers 
lao and 121 respectively. According to one em- 
bodiment of ttie invention, eeriaiizer means 150 
and 131 also each pcrfonn laeer eafety functions 
which wfll be deacitbed in detail herelnsfier. 

Acconding to the preferred embodiment of the 
Invention, the seriallzer and laser drive functions 
are integrated in serializer means 130 and 131 in 
order to help foduce the overall size of the novel 
card. The integrated functions of the aerializer 
means wdll also be described in fireater detail 
hereinafter with reference to FiQ. 4. 

Mot shown in FIG. l (because they are moun- 
ted to the underside of card 101) ane convertera of 
a second type, lliese function to convert optical 
signals to electriceJ signals. The depictsd illustra- 
tive cani would have t«^o such converters, each of 
which .indude means for amplifying the ©lecblcal 
${nnal generated by ttie photDdetec±:rs: means for 
detecting minimum OC light levels entering each of 
ihe pholodetBCtors; and deserializer means Tor con^ 
verting «ceived aarial data to parallel data. The 
deserialbrar further includes meane for recovenng 
the clock, means for generating a byte synchro- 
nization signal for output to the user, and means tor 
detecting minimum AC light levels. 

A dstaited description of the deserializer com- 
ppnenta and how they cooperate wiD be set fbrth 
hemlnafier with reference to Fia 4 as welL 

Ra 1 floea on to show two open fiber control 
(OFO means, 150 and 1S1. OFC n^^ai^ 1^50 turns 
off laser 120 ff no fight is raceiv^J^V 
photodetector diode 122. OFC means 
ias^r 121 If no light is reeelvBd by photodetector 



diode 123. 

AccoTdirg to the preten-^ embodiment of the 
invention, OPC means 150 and 151 maintain a safe 
^class 1) optical power level in the-ev«nt a fiber link 
5 Is opened. 

A suitable OFC rrwduie for use in conjunction 
with the invention Is ^described in the European 
patent application rt° 90450199.0 Onvenfera : -G-M. 
Heiling, DA Knodei, MJ. P-eterson ; and a!), en- 
10 titled "optical fiber link control safety system** and 
filed ooncunartly with theisresent inven^on. 

Although til© OFC module described in the 
reiterence is used m tiie prefemad embodiment of 
ttie invention, other safety means <or indeed no 
75 safety means at all) may be used by those skilled 
in the art In place of the refferenced OFC module 
without departing fnDm the scope or spirit of the 
invention being described herein. 

FIG. 1 also depicts laser drive adjustment po- 
2Q tentiometers 170 and 171. these potentiometers 
may be used to adjust the AC and OG laser dnve 
circuitry. TTie depicted potentiometers (170 and 
171) are aseodated with laser 121 of f=lG. 1. Not 
shown are correspondtng potentiometers tor each 
z5 of ihe AC and DC drive portions of the ^aaer dnve 
circuitry associabsd with laser 120. 

Also not shown (located on Ihe underside of 
card 101) are metal shields for «£ch of the afore- 
mentioned ampnflers. According to a preferred em- 
30 bodlment of the invention these shields ^erve to 
protect the amplffiers against strsy electromsgnetic 

fiekJs. ^ ^ , 

In addition to the above described card, optical 
assemblies and etectrortica, FIG. 1 depicts retainer 
3s top 180 and retainer bottom 181. which include 
retainer retention clips (like clfp 162). optical as- 
sembly slots (like slot 1S3). <ard alignment pins 
Dike pin 184). car<l guide raSI 165 and oard hold 
down tabs (jike tab 166), v^Wch when fissembled in 
40 the manner indicated by 1 result In an ^m- 
bodlment.of the optical fiber fink card communtea- 
iion module contemplated by tiie invention. 

AcconSng to the prefen^d ©mbodmont or the 
1nvention..i^ner top ISO and ««lalner^tom iai 
43 are plastic and contribute to the abiHty of the novel 
module to provide good itiermal tsolation between 
the electionk:3 and the lasers. This is an importOlt 
featui^ of the invention since the electronics typi- 
cally have a higher acceptable operating tempera- 
5D ture then the lexers, whteh dissipate little powerln 
prior art hybrid type mefel enclosed ^^f^ 
the heat from the electronka can ^iegrade tne 
reliabirity and operation of the 

Furthermore, according to the ^^^^J"^ 
55 bodiment of the invention, the ^ J'^^ 
retainer/holder deserved hereinabove ^ 
and 181 as^hown in Fia 1) >^ 
a cradle to align and hold the opHcal aesembflea at 
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ttia edgo of the card in an ipprDprtate plane to 
nermit surtace attachment of Ihs- leads » flie mat. 
ini, clrcufby- Afs indicated herainbefore, taking «>- 
vantage ot Uite feature minlmtees lead capacltsncB 
^ Inductance. 

pe 2 d«pioi$ an enlarged view ftf an wjgo 
mounted optical assafflbly with J^^^^W 
close to the plane of «» circuit cad. ea con- 

bodlment crf ihe Invenfioa m particular. 1»«3J 
dapteSj leads 201-203 tts Ijeliig surfart rnftintad 
(raiherthen using a pln-in-hole attachmfirt) to cam 
101. Optical assembly 205 is shown mounted on 
^ edge of card 101. ^. » 

Referring again to FlQ. 1. it can be seen Ihst a 
•J- eSp. cBp 19^ is depicted as a molded part of 
retainer bottom 181. extending from standoff spac- 
er 198 ""16 combinafion of cnp 192 and spacer 
193 may bs used to attach, hold, align and space 
card/retasner asaembltes to next level asaembhes. 

PIS. 3 depcts an enlarged view of » f^"^ 
arrangement for standoff spacer 19S (w* the 
:^,rg from the surface of oerd 101 to n«l 
aWembly being indicated by atrow SOI)- 
clip 192. cnp 182 is shown axtendmg off of Spacer 
1B3. Operatlvely. cHp 192 snaps Into a "^s^^G 
In lhe main oontroller or interface card to which it 
pUigs. As a molded plastfc part, this clip Iim; the 
flexibiiay to allow «ie nondestructive removal 6i the 
nerval communicafion module whan and If replaee- 
mentis needed or desired. 

Referee is now made to F16. 4 ^ depicte 
a fandional block diagram of the electrical and 
opacalcomponsntsoncardlOI. 

In particular. HQ. 4 ehows the combmetion of 
serialteBT means 430 and laser diode 431 whi<* 
effeclively wm/erts parallel electrical s.gT^is to 
serial optical sisnate. The pi«Hel ^ 
Zm a^.l bus via. f« ^>^J^^^ 
connector such as connector 10Z depicted in FIB. 
1. -me serial opfcal signals are output from teser 
491 for irensmission over fiber optic media, such 
fiber 4gS depicted in FIG. 4. Wen kr«wn co«- 
pBHB lenses may be used wHhin the las«; ^^Pj- 
S« depicted m HG. 1 (such aa re^acles HO 

SSnzer means 430. 1^ detsite wfl be s^ 
Tthe context of an example «he.«n 10 b« of 
oaraUsI electrical data are input to senaBzer 480. 

to aerial e'^trica. tom,« and «^ 
daedal epUcal via laser 431 under the cor- 

^'SrTIlsf 'depicts *e -l'>^- 
photedetectoT diode 42S. DC deledar 428. am- 



pimer 427 and deseriafizer means 488. 
Svely «3nvert serial optical 
photode»ctor 42S. to parallel electncs ^'B'^-^J 
Ja«llel «gne»s era ^en by d«Bn3lteer 4ffl 0«J0 
5 a parallel electrical bos. An explanalion of how 
J^y derived optical data signals are cohver^ 
ta p^ efectrical data will also te set forth 
hereinefter wWi refecsnce to the eompcaients tio- 

picted in RG. 4- 
„ Furthermore. FK5. 4 depicts Oro module 429. 

which, as indicated hereinbetotB. P«*9«bhf PJ*" 
vides dass 1 laser safety featmss on bowd the 
«ard Itself. Reference is again made to the Inroi^ 
porated copending patent appfcation which -sete 
,s torth in detail how OFC module 429 operates in the 
context of fte system depicted in fia. 4. 

To underetand how *© combination ot 
seualizer 430 and laser 431 Operai«Bjt is conve- 
nient to start at lhe point In nS. 4 where the l 
20 pamllel transmH date is input from a flaraBBl ^ 

Lai data bus to shift register «0. Tha w 
place via depleted leads 470^79- ^ "^'^ 
hereinbefore these le*ds couW. ^•^^^'^ 
respond to user seleoted plns en a" ^^^Qcal 
25 ^cter. such as connector 102 depicted m«G. 



the ten hit parHliei transmit data entering shift 

register 440 Is serially docked ort of fj^ 'f^' 
4^ under central of phase loCted loop (PU) 441. 
go The pa clock is phase locked to the lower fre- 
quency (off card) input transmit ^jodc ^^^^ 
The dock output on link 406 detemfimes the serial 

'S^ data shKted out of ^J^f^*^ 
3S te«rriadtoACdrtve44avialink«7.A^.v 
44Z modulates laser 431 with lhe senahzed data. 

S 4 also Shows a OC drive. 443. corfa.«ed 
„, serlarizer '•90- DC drive 443 kee^ ^ 
preset power level MdSfionaBy. ^^JT^J^^ 
« cording to a p«fer^«mbodlmetTtome*™^ 

s^irr^r^sr-^rrcT • 
-'^?s:?cri^driv.44..be^.-M2 

-a to laser 431 via link 408. Additionally. <lri^4« 
S ^ ,«o*.ng ^ ]nP|f *«m openj^er «2 
(OFC) means 4Z9 which.- as ^ jSUS 
UeliUer. can ^Bectlvely ^ofce DC drive 443 (via 

" inveS^Cdrive'443 w;. issue ^^^^ 
gIgMl to the user via Unk 410, ^^^^ 
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According to the Illustrative embodiment of tne 
Invention, optical output power Is maintaJnetJ at s 
canstanl level via DC drive 443 in response to the 
lB©ctofick signal. As inCll<5atocl hereinbefore on© of 
the acttustment potentioTnetera depicted tn FlQ. i 
indirscfly controls -DC drive 443. It is via the afore- 
mentmned feedback carcutr flial tnis control e^ 

tected. . ^ 

Apparatus and tBchniques tor performing tne 
functions of the components shown included in 
serializer 430, namely ahlft register 440, PU. 441, 
AC drive 442 and DC dtwe 443, are well within the 
purview of those skilled in the art Accordingfy, 
these components do not require furttier explana- 
tion. 

The above described serl^er 430, comprteing 
the combinafion of devices 440-443, effectivBly lr>- 
tegrabse the doeired serializef and leeer drive func- 
tfons. In the manner, described, to help reduce 
overall <»rd eize* Furthermore, it can be eaan with 
reference to the above descrfpfion thai aerialiier 
430 functions as one of the plurality of electro- 
optical inverters located on Ixard the card. Con- 
trol means for performing the conversion (e^^ PLL 
441} are locEted on board the card as welU 

The optical link card contemplated by the In- 
veittion also Includes on boand drcurtry for testing 
the caiti teelf. In perticular. PO- 4 depicts mul- 
tiplexer (MU5Q 444 {for convenience shown as part 
of deserlarizor 428) which can be used to provide 
sertaflzed <Ja±a -from sarialiaer 430. to other de- 
seriafizer 428 components. In a wrap mode- Ach 
corcfin^ to one embodiment of the invention, wrap 
mode can be user speafied vja link 411 which is 
shown coupled to MUX 444. A signal to errter wrap 
mods causes the multiplexed data to be pnacessed 
by deserializer 428. 

The top portion of 4 depict? fiber 485 
providing serial optica! stgnale Id photodetector di- 
ode 425, fiber 48B may be "butt coupled" (held 
Juxtaposed) to the active area of photodetector 
diode 425 to allow the trenemitted fight to be con- 
verted to electrical energy. ^ ^ ,u 

Accordino to a pretend embodiment oT tne 
invention, tiie resultant cun-ont (frt>m photodetector 
diode 425) is amplified by a translmpedence am- 
prifier. 427, such ee the N&saiO amplifier depicfcad 

(n Fie. 4. . r Ano 

PLL 445. shown induded in Hdesenanzer 4^ 
phase locks a aerial receive clock to the date 
amplified by amplifier 427. and sendsHoth the data 
and the cCock to shift register 446 whore the deta is 
deserialized. 

In a prefeired embodhnent of tiie invention, es 
depicted in FIG. 4. PLL 445 Is shown locked to an 
on cafd crystal via link 412. The PLL is locked to 
th crystal to approxknate the expected input data 
rafie. The PLL then "fine tunes" ^e lock and locks 



onto inis reoeiv© da» a± Ui* iw^lv* .deta 

rate. 

Shift register 446 iricludcs & byte -synchroniza- 
tion detector tinat is used to rtcognize a unique 

s raceive chewier so that complete bytes can be 
untoaded from shift register 446 without being frag- 
ment. Shift PBgister446 also indudes TTL drivers 
<which aciu^ly output tiie p&r^liel date to a tiarsltel 
daa bus Via leeds 480-468) and means for ou^ul- 

10 ting a byte synchttirazelfon signal to tiie user vis 
Unk 413. 

FIG. 4 also depicts dock generator 447 which, 
according to & preferred embodimant of the Inven- 
tion, Is a tour phase -parallsl receive clock. The four 
IB phase clock is useful tor deriving non-overlap 
docks wWch are typically used -(or may be re- 
quired) by the external system. 

Clock -g&nerstor 447 Is shown tied to PLL 445 
via link 414, Additionally, the four phase clock 
so output from clock -generstor 447 Is ^hown output on 
links 41-5^18 of f=lG. 4. 

Finally, deserializer 42S is shown ta include 
transition detector 448. Transition dotector 446» to- 
gether wfth DC detector 426 included In the 
25 deseriafizer In the lllostrative embodiment of the 
invention) detect minimum AC and DC light levels 
entering photodetector diode 425. These redundant 
signals are carried to OPC modite 429 via Onks 
460 and 461 and are used by OFC module 429 as 
30 a safety interlock to shut down the link if -faoih fiber 
paths 485 and 496 are not hooked up. 

The OFC module dsscrifaed in ti^e Felerenced 
patent application, pulses laser 431 at a low duty 
cyde during the time the fiber fink Is open. This 
35 produces a ssfe optical power in the fiber. The 
referenced OFC module will letum laser 431 to 
continuous povyw when the fiber link is reconnec- 
ted. ^ , 
OFC module 429 of fM. 4 is shovm to control 
40 laser 431 via ink. 409 to DC drive 443. Additionally, 
the preferred OFC module is ^awn to accept user 
inputs tor turning me laser offf and porfarming a 
power on resot function, via links 463 and 464 
respectively. Unk 455 is shown to provide a signal 
4S to the ussr whan the fiber fink is inactive, fifleiiy. 
link 466 is shown to prowde an Indication to Of^ 
module 429 whenever the user specifies wrap 
inode viaKnk4ll. 

Apparatus and technrcjues br performing trie 
so funetiona of tiie components shown indudsd in 
deseriaSser 4^. f«mely PLL 445. shift register 
446. -tfock gonerator 447. and transrtion detector 
446 are wen within the purview of tiiose ^kHIed m 
the' art The same -holds tnie for laser 43i» 
£5 photodfode 425,.emplffier 4S7. OC d^f^^r 426^ 
and MUX 444. whicft are ell commeiclally avallabte 
devkses. Accondingly. these components <to no* 
require further ejcplanation. 
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What h« been described *Bh rBfefBrw* to 
nsTa^e me componente. and how ^'"^7'* 

to form .ingle full ^'^^^ ""^"^fTl J^Ul 
HS 1, constmcted In accordance a preferod 

ponente depicted in RS- * ^ 9^^'^^ '^"""'^ 
Iho profaned embod|m|«J 
i^naon. aeriafizer 430. desedafeer 428 end we 
m drii« in shift reflteler 448 (even jh^JOh 

3 SeL devices oontemplfltod- In HS. 1. are ^mp- 
^l^d to pav«r (*S vote) and 9""^ P'«^ 
Sn card 101. T^e.e P>f"-,«f„''°l^Jt 
sides (top and bottom) of card J" 
t,cc«d vrtth the teachings of the «war*on. ere 
deacribed hereinafter with reference to PG- 5. 

5 lUuslrrtes *« Wiring land petloms 501 
and e02 are respecfiveJy locsrted on =>PP°='^"[: 

(top and bettort) of cad IOI. "n-ese 
^^ed f eteclrtceBy Intereonnectjhe compo- 
nents mounted on eadh side of the card. 

A aide view of card 101. looking IhrouflMie 
card Into the surface labeled "A", show* *at a 
S abri«ted in aocordenca «lth ^^J^^JX^ 
STinventlon contains a plurality of f^^, 
and around ptenes. By of ^'^^P'!.*^^'?^ 
Si iSanes are depicted as planes In 
T POP^ 510 and «11 i^sent a flround and 
power plane, respeottvely. and een«c6 one aideof 
STcard (e^i- the componeirta mourned on surface 

J g^und plane respectively, and 
Sier sWe of tl^e card te-g, fte components mawr 
ted on surfacs 502). 

combination of planes is pcsa^le 
required according to the invention fs that a plurtl 
infemd power and ground planes be pro- 
3*3 S mharentbr provide electrical .soiatcn 
hJhierfM components mmmted to tHe top end 
SrU*^<rfSe card. Alao. the «mponenJ 

^iTthat perfdin the recede lundJon. are to 6e 
inrated on oppostte sides of ^ cam. 
'°'T=ol?iO the preferred ^^^^ ^ 
irwenSon. Ihe iitemai power and 9""^ ^ 
'^TenHce Ihe eklo of the «itl cont^jg 
«« deeerlsnzer, are partitioired go that the ttu 
STve^SS - ahi&r 448 (ar^ any oth^ 
SSr^gistar on li* aide of *e ««J) a« ele^ 
SSt^f^ted fmm the portion of ^ 
™d planes eervine the remainder of a gn^ 
SSenafasr. TWs « desirable ^ecau^rt the 
^urt^cun«.t required for*e m dj^- 
SddlfionaBy. acco«fing to the P^J^ 

«i«ies eervicing the Wnsmrt function are WDncsoBo 



opening over) the eferemertSoned P^rtm^l^P^ 
£ Of the power and ground planes f ^nng Jie 
mdrivere Tf^ purpose of fabHorf-^ Je ^T^ 
function power and gratmd planes m the f aaWonte 
B to keep rtJiee from the 171. power and ground 
pjS^ftom coupBna 10 the transmit power and 

''"'"SfSis no. n..de to ^. e v^lch^cpi^ 
a pmferred teyout for the optical 
,0 lernplated by lhe hvertion. The layout shown PWh 
^li^ double fall duplex <^^\-^ 
^rd could be enlarged In provide further oommu 
nlcetion porte. or be «it In half (elongnne A-A of 
FIG. 6) to provide a single full duplBic-c»d. . 

-nie double full duplex channels depjrted m — ■ 
FIQ. e includes kknUcal but 
lated iransmit/iaceive pairs comprised d la^^ ^ 
STphotodetector diode 606 (-^ Pf- 0 and \^ 
i07 and photodetDclor diode -608 <the othe ^0. 
,B mounted en a double sided eurfaco mount *ard. 
are no electrical coi«-ol.ons.eur«c^^^^^^ 
temal. across the boundary tomied by Ime A-A in 

^^'m indicated hereinabove wilt, rafepsnceto 1^. 
a 5. the card has top and bottom signal 

SoTlntBrnal power planes («« «hown .n TO.^ 

Sch may be used edvantageousV » f 

fransmmen. ftora *e receiver. ^J^gj; 

inuatitfon. ihe top of the <^^^^.^£ 
30 labeled «0l. While the bottom Of Ihe card 18 labeled 

^°%o ecccmmodete the lO^it P*«««' 5^ 
viced by the niustrative emtoodimentjof 1h« 
tlon two 48 pin connectors (connecsora lOZ and 
„ S iJ^G. irwlth 100 mil pin '^^J^ 
" LdonthelDpsldeoftheca«lsuch*^P2 
promide thnjugh the n«w cart to the ^"^^ 
S»« they would ^nate to the user-s svsf" 
STafl^ for mirmnal «rd to^ ^^^^ 

« totel card Iwlflht that meets 

^rnts.TTiepinaldeotlhe«nnectoraa«^ 

t«8d m the layout depleted in f=l& 6 as-connec- 

tare flSO and 851. mb-MZ. aitt shown 

Four opacal connectors. «»»-eiZ. "f^V^ 
^ mounted juxtaposed to the isaemandpj^^ 
to,* at Ihe edge of the <:anl. Conned»« «0W1£ 

easily protrtide out into .customer avall^ aocess 
S«nihe cart IS typJcelly mounted onto a 

"^Tilso depicts the posffion of deserializer 

Sy SJSSaWy en the bottc«n surface. 

^ ""^^rt^rt^O and open ^c^^J^^ 
631 (associated with laser -605). *»9^^ 
SitelLr €3£ and «pan fiber control module 633 
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(Bssoeiated with laser B07) are Shown In Uie posi- 
tions In which tiiey preferably mounted » the 
top side. B01 . of the card. 

The dimensions shown on FIG. 6 are tor the 
purpose of Illustration only, but indicat© a suitable 6 
card size and suitable optical spacing to yield the 
desired, compact, double duplex commitfdcatkjn 
module. The method tor mouncng the connector 
pins referred to hereln^ve allows for 7 mm <ml 
to card ©pacing and a total card height of appro)d- to 
malely IS mm using the card depleted in FIG. 6. 

What has been doscfibad are methods, ap- 
parstxjs and manufacturing techniques which meets 
all of the objectives set ft>rth hereinbefore. Those 
sldjlad in the art will recognize that the foregoing ?5 
description has been presented for the purposes of 
IllwetrSfion and description only. It is not intended 
to be esdiaustlve or to nmft the invention to the 
pr-edse form disclosEd, and obviously many modi- 
licdtlons and variations are possible in light of the so 
above teaching. 

for example, components shown to be includ- 
ed In the deserializer, like MUX 444, could be 
located elsewhere, ver^ons of the desired card 
could be produced without an electrical wrap caps- 25 
bnity or the on board safety features incorporated 
In preforred embodiments of the invention, etc. 

The embodiments and examples set forth here- 
in were presented In order to best explain the 
principles of the instant Invention and its practioal ao 
application to thereby enable -othBrs skilfed in ihe 
art to bast utirize the instant invention in various 
embodiments and with various modlficationa as are 
suited to the partioular use contemplated- 

S5 

Claims 

1* An optical fiber Onlc card, having both electrical 
end optical components mgiaited thereon, for 
converting between parallel electrical signals 4q 
and serial optical sfgnals, wherein said optical 
signals are transmitted and received by the 
card over at least one full duplex optical 'Com- 
municafion link, characteTfeed In that it com- 
prisee : ^ 
(a) means for inputting parallel electrical 
signals to said csrd for conversion to serial 
optical signals; 

^) iniegrated serializer/opfical transmitter 
driver mesnSr coupled to said means for so 
inputting parallel electrical signals, for con- 
verting input parallel electrical signals to 
serial electrical signals and driving optical 
transmitter means in response to said serial 
electrical signals; and 

(c) opttcal transmitter means, coupled 10 
said inteflfatod serfaiiiortoptical transmitfar 
driver mefflis, lor transmttang eeriai optical 
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signals conrosponoing in swid iripiit -pw^iioJ 
alscfrical signals, over said at least one full 
duplex opfiGal communtcstion fink. 

2. Apparatus as set forth in clam 1 wherein said 
optical transmftter means comprises at least 
cne laser. 

3. Appsrs^ as set forth in claim i or 2 wh r^In 
Bald optical transmitter means Is axial leaded, 
with the leads being attached to the surface of 
said card to minimize lead capacitance and 
ftiductence from said optical transmitter means 
to the electronic componems mounted on said 
card. 

4. Apparatus dS "SOt forth In claim 1, S or 3 
wherein said Integretsd sGrian^^f/optical trans- 
mitter driver means further comprises: 

(a) first phase lodged loop means, locked to 
frequency of the parallel dectrical signal 
input for generating a sorlai transmtt rate 
clock signals; 

(b) urn Shift register means, coupled to said 
means far inputting paraHel electrical signals 
and said ^rat phase tocked loop means, for 
converting input paral isl electrical signals 
to serial electrical signals and outputting 
said serial electrical signals at said serial 
transmit rate; 

(c) AC drive means, coupled to said first 
shift register means, for modulating said 
optical transmitter means in response to 
said serial electrical signals; and 

td) -DC drive means, coupled to s^ optical 
trensmltlBr means, tor controlling the power 
level of said opfi cat transmitter means* 

5. Apparatus as set forth in claim 4 wtierein said 
DC drive means Inciudes safety circuits which 
are capable of timing off pov<er to eaid optical 
transmitter means in the event cf an cn card 
fault 

6. Apparatus accordfrig to anyone <sf Ihe pweed- 
ing claims wherein said canl further comprises: 

(a) optical recetvar means, fbr delBCtiog 
serial optical signals input from ^id at lead 
one full duplex optical communication lirtfc 
and for generating eeritf eleolrical signals in 
pesponse thereto: 

(b) amplifier means, coupled to said cptical 
receiver moans, for amplifying the serial 
electrical signals generated by said optical 
receiver means; 

(c) dessrializef means* coupled to said am- 
plifier means, for converting the -serial stec- 
trical signals ampli fled by said amplifier 
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means tP correapondlng psral lei electrical 

signals; and _ ^ 

(d) means for bulputeng sal<J corrsspondina 
parallel elscirlcal signals. 

7 ADoarBtus as set forth In dalm e wherein said 
■ oofiral receiver means cornprise$ at least W 
phcrtOdectSPtor dtode, and said ernp^r 
maans ftitW comprises ^ toast one transim- 
pedencB amplifter.* 

B Apparatus as S9t forth In daim 6 or 7 wherein 
sSd^«I reaower means is axial leaded 
with the leads bemg attached to the surface of 
said cerd to minimi:^© bed capacitance and 
Inductance from said optical receiver means to 
the electronic components mounted on said 
card- 

a ApparaJus « set to* in cWcn 6. 7 or 8 
whersJn saW deseriafizer means further com- 

**"^ine9n3 for ganeraflng serial iransmtt rate 
clock signals; 

fb) second phase toctod loop tnaans, coup- 
led to said ampufier means and ssW mem& 
fer o»»r«8ns eertal ttansmft i«te clock 
nalB. tor tocWnflStid Oodt signals to data 
earned by said amplified serial eiectncal 
signal, and forswtaHy oulputting sad date 
and clock Signals; and 
(c) convertET means, cooplad to said sec- 
ond phase locked loop means, for conyefr 
Jng said ampBfied serial elacttlcal ^nate to 
6^d corresponding parallel electrical bq- 

nais. in response to the dafe^"'^,^^ 
agnate output by sad second phasB loclced 

loop means. 



10. Apparatus as set forth in drim 9 therein e«d 
deserializer means further ^^^pn^sj** 
generator means for generating and oulputtine 
I multiphase paranel rale transmit dock, and 
said converter means further "•"Pnaes sec- 
ond aWft register means, tnciuding TTL ermr 
„^ ^d second ^<ftj«9ister mea™ fc^ 
ther compiWng bytB synchromsatiDn detector 
rieans whibh efiabia complete ^^J^ 
unloaded from said second shrft «Q.ster 
means wWiout fragmentation, and sari secord 
tm register maane generaBnfl and outputs 
byte aynohronlzafion Agnate. 
11 Aoparatosas-settorttiinanyooeofclaimseto 
10 vrt«rein said caid further comprises safety 
means operative to ensure safe optical pa^ 
iSTin said at laast one full du,*x opijCj 
communlcaSon Unit in Ihe evert a given BnK » 



open, and wherein eald safety meens is further 
oDsralive. whenever said optical iransmttter 
means composes at least one beer, to putee 
said at least one laser at a Ioyt duty ^e 
, when said given fink is open and return sa-drt 

teaat one taasr to continuous pov«r if saw 
ghien fii* fe reconnected. 

12. Apparatus es set to* m daim H "'^'^^S?, 
,0 card ftjrther comprises transition detector 
means and DC detector means, -coupled re- 
spectively to said amplifier means and *m 
OpScal receiver meanc, for respecfivsly detect- 
ing minimum AC and DC nght levels ertenng 
« ^dopBcal receiver means, whemin^arfsate- . 
ty means fe coupled to said vansrton detector 
n»ans and said DC detactor nwars and op- 
erates in cesponse to a failure by ei*er of sad 
detector means to detect said minimum AC 
« and DC light level* and wherein 

means is also operative in response to off «rd 
generated safety means «.n1iol f9 "f^f^ 
further operathra to output a signal rndtcaUva oi 
at least one inacliva Wt. 
* 13 Apparatosas-setfortiln anyoneofciaimsgto 
12 wherein said -card further compiises mul- 
fiplexer means ooupBng the output of said in- 
tegrated eerWiawtoptlcal transmitter dnver 
30 means, to aaid deBedailaer meana. tor operat- 

ing the cad In a dtagnoaUe iwap mode. 

1^ Appamlu3asselforth!n<iaim10.n,««'--'3 
vrtierein said caid further comprises: 
35 (a] a flcst signal plane, located on a Tiist 

surface of ttw-card; 

(b) a second signal plane, located on a 
second surface of the<wd; and 
fc) a pluralHy of infernal power and ground 
planes, vrhich a» conneded to and «tec 
Wcslly isolate said liral signal i^tene from 
seld second s^ialfiians. 



16. Apparatus as setferth In eSslm 14 v^reto said 
« Ji^ tar inpotfing parallel eledri^»gj«^ 
awl eald mtegraied serialiaer^optical toTsmMM 

difver mean* en ell surface mounted t ^ 
firet signal piano, and funher whereat said am- 
S means, ^^'d deeerialiasr means and said 
« 'rX. for outpuBing said "n*^"*"^ 
aliei electrical signals ais aB surf** 
to said second signal plane, whereby 
inherently provides elecuical is_oteJ«, bj^en 
the wnponents attached to saidfirst and ^ 
« qnd aigiWl planes, wherein » ,f !^ 

SluraB J Of power and gmund planes te «^ 
SrtBd to«"-d fl.^ Signal plane "^^^^"J 
ona of said pluraBy of power and ground 
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plants Js connected to said ssCOmI signal 
plane, wherein said second one Of aaW plural- 
ity of power and ground planes is partitioned to 
electricaJly Isolate «aid TTL driver means from 
the other components attached to said second 
signal plane, wher9ln said first one of said 
plurality of pcwer and ground planes Is fab- 
ricated to include an aperture over tne portion 
Of said second one of said pluraRty of power 
end ground pianos which eervics said TTL 
driver means, ©o as to prevent noise from 
coupling from the second to ttie first ot said 
pluramy of power and ground planes, and 
wherein s^d card Includes at least two iden- 
fical, but elaofiricalty isolated, optical tr^^5m^^ 
ter means/Opiica! recover meens pfiifs, to pro- 
vide at least a double fuU duplex communica- 
Hon capablTrty* 

16. An optical nber link card, having both electrical 
and optical components mounted thereon, fbr 
convartuig between parallel electrical signais 
and eerial optJcal signals, wherein said optical 
signals are transmtaed and received by the 
cart over at teasl one full duplex optical com- 
muricaJHon link, comprising; 

(a) means for Inputting paranel electrical 
signals to said cerd far conversion to sarfai 
optical signals; 

(b) at least one converter meerts. coupled to 
said me^s tor Inputting parallel electrical 
signals, for con verting input parallel «tec- 
tricsal signals to serial electiteal agnals; 

(c) transmitter drtver means, couples to saW 
first converter means, for driving optical 
transmitter means in response to said serial 
electrical signals; and 

(d) optical transmitter means «3upled, to 
said transmit ter driver means, lor transmit- 
ting serial optical signals con^spondmg to 
said input parallel ©ledri cal signals, over 
ssid at least one full duplex optol commu- 
nication finlt. v4ierBin said optical trflnOTitter 
means is axial leaded, wth the leads being 
rflached to the surface of said card to mini 
mtee lead capacrtance and Inductance from 
eaid opli cal transmitter means to the elec- 
tronic components mounted on said card: 

(e) optical receiver means, for detecfing 
serial optical signals input worn eaid a! least 
one ton duplex optical communication link 
and for generating serial electrical signals In 
response thereto, vrherein said optical- 
recfiiver meens is axial leaded, with the 
leads b^ng attached to the surface of said 
card to mini mize lead capacitance and 
inductance fttjm said opti cal receiver 
means to the eleclrank: componente mouiy 
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ttsd on said -c^rci; 

(0 amprmei" means, coupled to said optical 
Tsceiver means, lor ampntying the -serial 
electrical signals generated by said optical 
recBfvor means; 

{g) deserializer means, -coupled to seld am- 
plltla- means, for converting the serial elec- 
trical signals ampfi fied by said amplifier 
means to con-esponding parai lei electrical 
signals: and 

(h) means tor outputting said con^^ponding 
parallel electrical signals. 



17. A single multilayer double sided surface mount 
7s optical fiber link cart, having a pluraTrty of 
converter means and a plurality of optical conv 
ponents mounted toereon. for -converfing -be- 
tween parallel electrical signals and eertal op- 
tical signals, wherein -said serial optical signals 
fio are transmitted and received by optical trans- 
mitter means and optical receiver means re- 
spectively over at least one full duplex optica! 
communicajjon Snk, comprising: 

^a) means for InputtinQ pamilel electrical 
us signals to at lesst first converter means of 

said plurality of -converter means; 

(b) at least first converter means of said 
plurality of converter means* indiidlng 
serlalizer means Integrst ed with optical 

50 transmitter driver means, coupled to said 

means for inputting paraBel electrical sig- 
nals, tor converting input parallel electrical 
signals to eerial electrical signals and driv- 
ing said optical transmitter means in fe- 

^ sponse to ^d serial ^eledri cal -signals: 

(c) empllfler means, coupled 4d eeJd optical 
recer/er means, tor ampllfyinQ aerial elec- 
trical signals generatod by «ald optical re- 
ceiver means In response to eeriai optksal 

40 signals on said link; 

<d) 3t least second converter means of said 
plurality of said converter means, including 
cJesertaHzer means, coupled to said ampli- 
fier means, tor converting the serial ^lec- 

^ trical signals amplified by «aid amplifier 

means to conespondlna parallel electrfcal 
. signals; 

and . 
(e) means for outputSng -said corresponding 
p^BDel electrfcei signals. 

ia. Apparatos as sat forth in claim 17 wherein said 
means for Inputting and sard at leest first con- 
verter means are mounted, via-ctmnection to a 
5s first signal plane, on a liret side tjf said double 
sided cart; wherein said amplffiarmeans, eaio 
rneans for outputting and said A 4east seoono 
converter means are mounted, vie connection 



11 



21 



EP0 4S7 161 A2 



2& 



IS 



to a 50co«i 3igna< plane, on a seoood 8«le^ 
said double sided card; and further wherein we 
carti inherently provides eloclrical dgnd isola- 
tion bBtween said fiTSt and second signal 
Planes, aid wherein s^d card ftirlher com- 
prieee. a pluiality of internal P^^'J"f^'^° 
planes wnh* ere connected to and electrfcally 
ieolale said flrat dgnal plane fr-'T'^^f ^"J 
plane. whaceJh at teast one of said plurality JJt 
power and grourvd planes ie partitioned Id e^ 
triceily isolate salacted components attei*efl 
thereto, and further wherein at least one other 
of said plurality of power and grourid planes le 
fabricated to Include an aperture over the par- 
flfloned portion Of- the power and ground 
pleoes seryicing aeid seleeted components. 

19, A praoees for manulacturing en optical com- 
municaBon module, including 
layer double surface mount opflcal fiber link 
card having a pluraTrty of converters mowlad 
thereon, for converting between parallel elec- 
trical signals end setial optical signals, wherein 
saia ifljScal sgnals are fransmitlBd and n- 
ceived by ttie module. over ai least one full 
duplex optical communication Hnk, comprtsing 

Ihe steps oft . . 

(6) fahricaSng first optical aasBmbly means, 
eteclricel ly ceofJled to at least one of said 
plureRy of converters, includbig at least one 
e»al leaded optical tranamhBr ^'^^ 
cany ooupled to said commonicaBon imic 

ft)*feibric6ting retaner meana. for holdng 
said first opfioal assembly in proxisiUty to an 
edge of stfd card so as to align said at least 
one optical tranamitler to said edge and 
fadState attaching the leads of said at leMt 
one optical transmitter to *e surface of said 
card. 

aa A process as set fe<* in claim 19 further 
comprising the step of fabricaUng second op- 
tical assembly means, indodiog at least one 
axial leaded opficel receiver for detecfing sarta^ 
odQcbI dgnais input from said at least one full 
duplex opticd communlealion r.ok and for gen- 
erBtlng serial eteotrteal signals in re^ae 
thereto, wherein said ral^ner maans fabricated 
h step (b) is abo opersBve to 
ond assembly in projdinfty to an edge of^ 
cad so as to aSgn said at least one op&al 
receiver to said edge and facUHste attaching 
fiie iBSds of said at least one opCcal roceivw 
to the surface of saJd card, the step of atecb- 

Ing the leads of said at least one optical tws- 
mtor and the leads of said at le^ one optej 
receiver, to the surface of said «wd. and 



wherein said step of fabricating '^^^"^ 
furtier comprises the step ijf snapping to^- 
er a two piece retBinorrtioWer assembly tnat, 
When snroed rogelher. provides a ^lott^ 
die for holdlrg said flnrt and secon'^ JVf™| 
assembly means, and wherein said step of 
^ricating relaiciar ?neans further co mpn^ 
flw step of mokfme asU ratainerAiolder assem- 
biy from pissHc. 

Sn. A process as set toifr in <:l»m 20 whefSin s^d 
step of troldlng sa'd retainerrtwider asswnbly 
yields insert fJine and rails to mechanically 
hold said first and second optical assemblies 
to said card, flexible "J" ofip and stand off 
means wHch faCiHtate cwrfng mutticard ^ 
semblies. and means for fhermally isolating 
said phiraTity of converters from, satd at least 
one optical transmitter. 
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© Optical fiber link card. 

© An optical fiber link card communication modute, 
and process for fabricating the module* where the 
module provides a parallel electrical Interface to the 
user* facilitates high apeed serial transmission of 
data over an optical data Rnk. and contains a plural- 
ity of converters (130.131) for perfomung corwer- 
fiions between both electrical and optics^ signals. 
The module further includes edge mourned optical 
components having leads mounted on the surface of 
a card (as opposed to standard pin-in-hde type 
leads) to minimize lead capacitance and inductance 
from the optical components to the card electronics, 
on board card control means for the convoners and 
safety shut -down means on the same card as the 



electrical and optical -components. A preferfed em- 
bodimerrt of the Invention contemplates fabricating 
the optical communication module on a single mul- 
tSlayer-card with all tfw transmitter electrical oompo- 
nsnts being located on <in© side of the card, ell 
receiver electrical components beir»g located on the 
other side of the caxd. and the transmitter and re- 
ceiver ^mponents being separated -by shielding lay- 
ers in the card. By two transmitter/receiver 
pairs (with the transmftters and leceivcre being lo- 
cated on respective sides of the card) an embodi- 
ment of the invention provides 1or double full -duplex 
■commiinicattons. 
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